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INSTANTANEOUS RELATIONSHIP BETWEEN SOLAR INERTIAL 
AND LOCAL VERTICAL LOCAL HORIZONTAL ATTITUDES 


The Solar Inertial (SI) coordinate system is centered at the orbiter center of 
mass and is defined such that the negative z-axis is directed toward the sun, 
the x-axis is in the orbit plane and positive in the direction of motion at 
orbital noon, and the y-axis completes the orthogonal, right-handed coordinate 
system. Thus, the SI frame is related to an arbitrary reference frame (REF) 
through the rotational transformation matrix 


where 


[R] 


SI 

REF 


2 

'T 


U = 

3 REF 


u n = unit h nrt - x S 


- A ~ 

_ h REF X S REF 


U 2 = U 3 X U 1 


and 


S REF 

h REF 


= unit vector in the reference frame from orbiter to sun 

= orbital angular momentum vector in the reference frame 
( = r REF X V REF^ 


r REF = , or biter position vector in reference frame 
= orbiter velocity vector in reference frame 


(D 

( 2 ) 

(3) 

(4) 


The Local Vertical Local Horizontal (LVLH) frame is centered at the orhHer 
center of mass and is defined such that the y-axis is along the negative 


orbital angular momentum vector, the z-axis is along the negative position 
vector, and the x-axis completes the right-handed, orthogonal coordinate 
system. 


Then the relationship between the SI frame and the LVLH frame is given as 


where 


[R] 


SI 

LVLH 



U 3 = “ S LVLH 

“1 = unU [\VLH * W« 

AAA 

u 2 = u 3 X Ul 


(5) 


( 6 ) 

(7) 

( 8 ) 


From the definition of the 1VLH frame, 



Thus from eq. (7) 



(9) 


( 10 ) 


2 



where 


1 = 1 , 2, 3 


S i S LVLH^ 1 




2 + S 2 


(ID 


Carrying out the cross product indicated by eq. (8) gives 


A 



I^Sg/Dl 


rSgSg/D 


02 ) 


The relationship between the SI system and the LVLH system is given by the 
matrix 


M 


si 

LVLH 


-S 3 /D o 

S/D 

-S-jSg/D D 

-s 2 s 3 /d 

~ S 1 " S 2 

- S 3 


03) 


where S. and D are defined in eq. (11). All that remains is to define the 
orbiter-to-sun line-of-sight vector in the LVLH system, 


Suppose that the orbiter attitude is given in terms of pitch, yaw, roll Euler 
angles with respect to LVLH and the pitch, yaw look angles to the sun are 
given. Both types of data are given by the Shuttle Attitude and Pointing 
Timeline (SAPT) Program and by the HP9825A Super Sighter (SS) Program and 
are usually published in Reference Flight Profile documentation. 

From the pitch, yaw look angles to the sun (P $un , Y sun ) the orbiter-to-sun 
line-of-sight unit vector is computed in the orbiter body (BY) system as 


04 ) 


cos 



-sin 


( P sJ cos ( v sj" 

sin ( V su„) 
( P sun) cos ( y sun) 


The pitch, yaw, roil Euler angles which define the orbiter attitude with 
respect to LVLH are used to construct the LVLH-to-BY matrix 


where 


[A] LVLH = [V^-0 (jMyaw) R y (pitch) 


05) 


R^(a) = 



R z (a) = 


1 0 0 


0 

cos 

(a) 

sin 

(a) 

06) 

0 

-sin 

(a) 

CCS 

(a)_ 


cos 

(a) 

0 

-sin 

(a) 


0 


1 

0 


07) 

sin 

(a) 

0 

cos 

(a) 


cos 

(a) 

sin 

(a) 

0 


-sin 

(a) 

cos 

(a) 

0 

(18) 


0 


0 

1 



The unit vector in the LVLH frame along the orbiter-to-sun line of sight is 
given by 


S LVLH 


r t *]LVLH „ 

L A Jby s by 


( 19 ) 


Given the LVLH attitude and the look angles to the sun, the equivalent SI 
attitude is computed by extracting the pitch, yaw, roll Euler angles from 


4 


( 20 ) 


BY _ m BY Li] LVLH 
IM]$I LVLH L R J si 


Once the SI-LVLH relationship has been established, an equivalent LVLH 

attitude may be computed for any given SI attitude by constructing the Sl-to- 
RY 

BY matrix [M]^ from the pitch, yaw, roll Euler angles with respect to SI as 


ml] = [ R x < ro11 )] [R z ^ aw >] [ R Y (pitch) ] 


and extracting the pitch, yaw, roll Euler angles with respect to LVLH from 
the matrix 


...BY _ rMn BY (" d T" 

^ LVLH EM] SI L R JLVLH 


A summary of the SI LVLH attitude computations is given in the flow 
diagrams. 

A program was written for the Hewlett-Packard 97 programmable calculator to 
perform the SI ■+-+• LVLH computations. Documentation and sample output of the 
HP-97 program are included. 
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LVLH TO SI ATTITUDE CONVERSION 



INPUT 

PITCH, YAW LOOK ANGLES TO SUN 
PITCH, YAW, ROLL ATTITUDE 
WITH RESPECT TO LVLH 


OUTPUT 

LVLH-TO-SI MATRIX 


SI-TO-BY MATRIX 

PITCH, YAW, ROLL ATTITUDE 
WITH RESPECT TO SI 
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EQUIVALENT SI, LVLH ATTITUDES 


INPUT 

PITCH, YAW, ROLL ATTITUDE 
WITH RESPECT TO LVLH 

LVLH-to-SI MATRIX CR1 lv LH 
OUTPUT 

PITCH, YAW, ROLL ATTITUDE 
WITH RESPECT TO SI 


EXTRACT PYR ANGLES FROM [M]°J 





ENTER 



INPUT 

PITCH, YAW, ROLL ATTITUDE 
WITH RESPECT TO SI 

LVLH-to-SI MATRIX IR] LVLH 
OUTPUT 

PITCH, YAW, ROLL ATTITUDE 
WITH RESPECT TO LVLH 
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Program Description 


Program Title LVLH--*- SX AttituTsE ComvgRSks M 

Name SrePHAtvitt A. VlCkieay 

Address 


Date 4/18/1^7 7 


Zip Cods 


Program Description, Equations, Variables, etc. Tb'iS pro^Td^ Conuerts ^Cdm LVLH (UcaI ''ifiricoJ LocaI 
tWtiooW) io SX (Solar Insrhal) rfttiiwJes ^Iven look angles -to +te sun (pik.li, 
ipwj salience} . Once +l\e lvlH-I-o- sx rtUVicmsUp has teem esiatlkbed , conversion 
n\tu^ be made from SX +0 LVLH . A piW( , tpiuj ( roll Euler *sdt^uenec. is used for 
Ibe (nfut and oidput athUw ^ / cos(p') cosC^) \ 

'late p,i^ look. Uncles bo San and construe! = f $iV\(,p’i J 

Un'rt line-of-si^bf vector to Sun in boA^ cocrJinni?? su^p) c.osi.Lj')/ 

•Hake p^r Euler angles of fte bodi^ tSlUtudi e mit^ retspecT 4o LvlH and cansti-uep 

£ a 1l1h = P* 0 ^ i [RK^>0][ R *C4Au>)][ft v CpfU')] 

* Commute tine-of-s’i^ViV To sun in LVLK 


/ S,\ r r T l Ly( - H a 

(?,] * *■«.’ f A % «, 


. Construe! Tf>e Sl-tn- LVLH tnAtny — S 3 jt> — ~ S | 

tyC-lA -£,./* 

- Tbfin ejdrttci oiIcL.uavlj roll sequence. Euler angles of 6V lur! SX Eto-u i!\e mrTfi * 

n ey , BV p -.lvlh 

[^] SI - tA] Ul _ H [R T ] 5 . si i 

(TuWr chvjtis u.'U .1* grinded . lie matrix CR.0 l.vi_h wilt be. secondary , »r^ e t- 

Hairi* wilt be in primary R r R«j . 

• (siveo (k, utrt. ^X , tfie^n -pta p,^,r oTi.tutle uurf LVLH Is compu ei as 

[mV' 1 , [A] oy [r]“ 

L J LvlH J SI L JlvlH 


’ Operating Limits and Warnings e 

deter entracTuni to<^ic. Cails a! t^Aur - T^io 

p.U, = i»('^ , -laoVp'.U *i«o' 

l|M = s «,0 ' 

roll = '{-AvT 1 /’ - rrt 3 x\ j -DSo'l roll <c 180 * 

V ) 


) 



ORIGINAL PAGE IS 
, OE POOR QUALITY 


Us<t In^rudkias 

E^+nxci p^r 


/. S B y Ex.+mct Transp<.'<e M p . 

3 1 ** (-.I 9 * ptkfr turV LVLH pVrwrtsi u ^ ! ** 

S p i(tc -^.[Aj^ _v p*jr wrtSI_ -^p^f “ft LUtH MjsMpMj / 
























Program Listing 


STEP KEY ENTRY 


KEY CODE 


COUMENTS 


STEP KEY ENTRY KEY CODE 


COMMENTS 


T 




'W 


-001- 

r "00? — STOA' 

r — 002 Ri . 

B Y §64 576C*- 

re c — 005 Rl - 

- — — STOE 

L 607 COS 

— i 008 --ST01 

- 00$ ST02 

. 010. ST0S 

§11 _ST0S 

012 sros 

. 013 — F;CLC 

.. J. 614 - . COS 

— ci5 ~sm 

........... 0J£ . — ST05 

.. 017. _ST06 

oie sro? 

015. RCLC 

. . 020 _ . S1H 

02L..STO4 

.. . 022 S7*2 

623.L.STX3 

.. ... 024 ... RCLrt 

025 _ . COS 
02 E STx? 


027 
02S 
025 
036 
C51 " 
' & 32 ~ 
623 

034 

035 

036 
637 
038 ‘ 
035 " 
640 

041 

042 " 

043 ‘ 

044 
045' 

046 

047 
648 
e 43 
650 

051 

052 

053 ' 
654 - 
055 


CHS 

~srxT 

J.CL6 
Sill' 
ST- V ‘3 
STXS 
' c.t; 

STxC 
' RCL4 
:< 

"RClB 

SUl 

S760 

x 

S7+9 
RCL0 
' CHS 
S7*7 
RCL6 
RCLfi 
■ COS 

- ■ x ■ 
ST+3 
RCLC 
RCLk • 

- S IN 

- x 
STt2 


Construct pitlj 

(|4iu, foil ('ola.hWl 
"W-ftS^n^aWn wiatn* 
And sWe ! 

CotlunnS in 
PriWnj registers 

Ri~ 

SW. , 

rolltiO 

Antics 8,C| A 

R ( =a. l( = cosC^cosCO 1 
t*) ! 

- cosi4)sC-liiccsCx) 

c °<*) ' 
+Cos{ij)Sl^(l)StatX') 

*k(o 

p,^ x - Cc&GOcoSCO 

(^:0 31 = -COsfe^SU%U) 

R 7 *a, 3= -Sk(^u>sCsV 

R g -.ri^- Coi(n)S^U) ' 
4- sfl*(n)Si^U.)ctY. •) 

cosC^tostx^ 

• - smC^silnfeJst^Cx) 



P r l 


•A 

.s 




065 
. 06b 

667 
666 
. 065 

670 

671 
072 
873 
674 

‘ 675' 

076 

077 
078' 

_ 075 
686 
631 


*LBU 
. PrS 

1 

4 k 
STOl 
5703 
m 

ST02 
fU 
‘ T 

" 4 f; 

"STxl 

w 

CHS 

STX3 

p:s 

P.TH 


682 

083 

084 

065 

066 

087 

088 
685 
030 
651 
692' 
093 
034 
695 
056 

097 

098 
835 
166 
101 

• 102 
105 
104 
165 
• 106 

107 

108 
•105 
-110 

111 

Hi 


*LBL0 

0SB5 

GSB0 

CS60 

tLBLO 

ISZI 

1S21~ 

ISZI 

rcl: 

ST6C 

DSZJ 

RCL! 

ST08 

0SZ1 

RCLi 

-STOP 

RCLI 

sn; 

RC L4 
RCLS 
- . x 
ST*! 
RCL7 
RCLC 
x 

ST+i 

ISZI 

RCL5 

STxf 

RCL2 

RCLti 


6 iw.i j 

looW * 

referenced 4n *me 
gy +H cuds , ccwfufe 
U.nd line-o^-Si^tt 

Z' cosCfl ^ 
siv» 

And sWe. inti 
secondary oe^IsWs 
s.-s. 


A 


KAatrix. tiuUfpl ical'ian 
K s ^M P n s 

Replace matrix 

in seconder ^ 

sWa^c. 

w ita prod uct 
the. pfin^jr^ 

vmtriK Cl v \p') and 

+Ue ^eccm Ad 
rftd.tr »k C^s") 

r^otnees are 
sWed Irj^ colters 

In prirria^ 

flu. A SfifanAdf 




Ut: 


if t 

rs 


LABELS 

FLAGS 

SET STATUS 

03 (EEi!Ii!Qi 9 


EIHSinESH 

B 

0 

FLAGS TRIG DISP 

SSSSKI 

1 


s mm 

ty Ati rffWiB 

win" rV f 

1 

ON OFF 

ODD 
1 □ □ 
2 □ □ 

3 □ □ 

DEG 5fl 
GRAD □ 
RAD □ 

FIX « 
SCI □ 
ENG a 

n to 



2 

3 

4 

2 


6 

7 

a 

* 

9 

— 

3 


n 





















KEY ENTRY KEY CODE 


COMMENTS 


KEY ENTRY KEY coot 



Transpose tlie, 
frtfjr’i f. Ivt primary 
registers 


Extract 

noU Euler a*\^les 
tVcra +f\e. malhx 

i\ psnrnao^ , 5 rWa<^L 
t| 4 u) ■=- Si/n (^17.^ 

f" 11 ’ w ’ , ( : rS) 

{Vlls W ±^0° 


.... .. m . 

r i-vLH;.i \ 7 7 l 

-■■-*■• -175- 

176 . 

177 - 

- r 178 

.. 179 

160. 

; JS1 

..'. 182 

163. 

16-1. 

... 185, 

106 

-r- — 187 

■ 168 

..< 1 85 

130 

. ; 19 1 

. 152 

■ _ 1 93 

'194 

195 
196 ' 
197 ' 

' 198 ' 

133” 

208 

- m - 

202 

' ~~ 20 3 

' ~ 284 

'205' 
206 

207 

. . 26S “ 

"203 ‘ 

210 ■ 

*211 

212 

- ...... ?j3 




tLBLB 

- GS88 

- GS6e 

- CS65 

- CSBB 

-Pis 

_. RCLl 

X? 

RCL3 

--X 3 

+ 

. _ IX 
_£T05 
.RCLl 
_ CHS 
S707 
. RCLZ 
CHS 
ST0'8 
RCL3- 
CHS 
sros 
sroi 

ST06 
RCL? 
ST03 
” ST04 
RCLS 

I s rx4 ' 

sr*6 
RCL5 
* S7*l 
CHS 
sr-3 
STv4 

- ST*6 

0 - 

S 702 ■ 
SSfie - 
” GSS0 
p;s 
GSSe 

- QSBc 

RIH 





Compute 

ptU 5 \ , roll 

attitude 

re'specV to SI 


< &W. output 

[AL info Rr^ 

‘S'ldni output 

[R] lnfc.S,-S«j 
Lvm 



(Siw* p,^,r ativtiX: 

ujr t 

[R] %X 1 A S.-Sa , 
Grrnputt, 

aHirwte Lurf LVL.H 


Si A 

£|i i 5 i 


53 A S 4 

R -3 1 \ S 3 Rli. 


S5 SS S7 

Rix R32. Rl 3 


Hl-i rt 23 


SB S 9 


rc\\ , sc r<x^c k I PiTtl ^ 






























TYPICAL USAGE OF THE SI +-*■ LVLH CONVERSION PROGRAM 


Given LVLH attitude(356.8 pitch 

{ 12.2 yaw 
(201.8 roll 

Look angles (346.5 pitch 
to sun (319.2 yaw 



from Reference Flight Profile for OFT-1 , 
JSC Internal Note 77-FM-15 at MECO 


Input pitch, yaw look angles to sun 

Input LVLH pitch, yaw, roll attitude 

Compute equivalent SI attitude 
SI 

and construct LVLH 

Input computed SI attitude 

and compare output LVLH attitude 
with the original input LVLH attitude 

Input 0,0,0 Solar Inertial Attitude 

and compute Equivalent LVLH Attitude 

Input 0,0,0 LVLH Attitude 


and compute equivalent SI Attitude 


345. 

580000 

ENTt 

346. 

200030 

OSS* 

356. 

508380 

ent: 

12. 

208CG0 

EHTT 

281. 

SC 83 58 

9533 

S3. 

6v£382 


-15. 

465854 

it* 

-162. 

,512851 

*** 

88. 

, S3o0o2 

EHTT 

-15. 


ENTT 

-162, 

.512251 

5555 

-3 

. 288350 

rti 

12 

, 280888 

zu 

-156 

. 200083 



: 6.638303 ETiTt 

e. 6006 00 ENT'J 

( 0.638338 b;.c-u 

/ -84.3 23425 

| B. 006008 *** 


0 . 053830 ENT I 
0.630000 EliTT 
0.800880 SSEA 



S3 . 576115 
-27. St 36 T 8 **'* 
-3.012132 *** 


( S3. 5781-5 EnT? 

Input the computed SI Attitude (-27.063878 EN7T 

( -3 . 0121 S3 3SE0 

and compare the output LVLH Attitude 
to the 0.0.0 LVLH Attitude 

(Note computational error of 10 deg.) 

Angles are input and output in pitch, yaw, roll order in degrees. 


-1.465633267-07 *m 
1.661577686-37 U* 
. 0 . 086081 i-ri 


TYPICAL USAGE OF THE SI -m- LVLH CONVERSION PROGRAM (CONTINUED) 


For in input pitch, 

246.550000 

EHTt 

yaw look angles to 

345. 280088 

OSScl 

the sun 


PiS 



P.iLl 

Display the 

/ 0.951521 

*>¥ 

computed 

unit line-of -sight 

< -0.254436 

K01.2 

tit 

vector Sgy 

( B. 225512 

RCL3 

tti 



Pi S 

For input LVLH 1 

[ 356. 860808 

EHTt 

attitude 

| 12.250050 

EHTt 

1 

1 261 . 600000 

bbot 

Compute the SI 1 

1 £6.996052 

ttf 

attitude j 

l i ■ 7UJL'-'*T 

it* 

and display ' 

the stored matrices* 

« Cl* %.** i 





cbbb 

Columns of 
the SI-to-BY 
matrix 

0.150320 
-0. 336643 
-6.52947 5 

Hi 

a $ 

tit 

< 

-6. 267681 
-0.919153 
8.289582 

tit 

tit 

iff 


-0.951821 
0. 204456 
-6.228512 

i it 
if 4 
tit 

PiS 


*Matrices are printed 
from primary storage 
registers 1-9 by columns 


6SBE 




0.058512 

tit 



-8. 467369 

' **♦ 

Columns of 
the LVLH-to-SI 


-0. 878 j 11 

itt 

matrix 


0.080300 

rtt 



0. 88264 J 
-0.462672 

tti 

tit 

L J LVLH 


fi.355336 

tit 



P. 046456 

tit 



3. 8S7323 

i it 




656 a 




SSBE 



6.698912 

tit 

Columns of the 


0. 000500 

it-t 

SI-to-LVLH 

matrix 


0. 995696 

tit 

[47 


-3. 467369 
' 0. 8 8284 1 
ft. 546456 

iff 

tit 

itt 



-0.S7S511 

tit 



-0. 468673 

tit 


8.83732c at 


For the input 
LVLH attitude 


Display the 
columns of the 
LVLH-to-BY 
matrix 


[A] 


BY 

LVLH 


Extract the 
pitch, yaw, roll 
angles back out 


356. £06030 

Eh 7 • 

12.200000 

EnT ! 

201 . 600650 



ui^t 

6588 

6. 375832 

a t 

0.21 6636 

f + f 

-0. 026527 

it 4 

8.211325 

n 4 

- 6.937517 


0.362951 

at 

6.054561 

4 a 

-5. 359836 

Hi 

- 0.831419 

T 4 i 


<rr - 

•j 22 o 

-2.800300 tit 
12.288803 tit 
~1 38. 2888 Jt* »- -f ■ -t- 


